The aim of this study was to compare the amount of postoperative pain after using three different nickel-titanium file systems. Materials and Methods: Ninety patients with necrotic molar pulps were selected and divided into three groups. Group I (n = 30) was instrumented with ProTaper Next (PTN) file system, Group II (n = 30) was instrumented using WaveOne reciprocating system, and Group III (n = 30) was instrumented using Twisted File system. All canals were instrumented and obturated in the same visit. Postoperative pain response of patients was evaluated using the visual analogue scale (VAS) score. Results: For VAS pain scores, a statistically significant difference was found between the PTN and WaveOne technique (P = 0.000). Statistically significant difference was also found between the Twisted File and WaveOne technique (P = 0.002). Conclusion: It can be concluded that the difference in the postoperative pain is related to the instrumentation technique. Reciprocating system, WaveOne resulted in maximum pain followed by Twisted File and PTN file system.
INTRODUCTION
Endodontic treatment can be completed in either a single-visit or in multiple visits. It has been seen that patients generally tolerate and prefer single-visit endodontic therapy. [1, 2] Single-visit root canal treatment has become a common practice, which offers several advantages, including a decreased number of operative procedures [3] and decreased risk of inter-appointment leakage through temporary restorations. [1] As a consequence, innovative manufacturing processes to produce better instruments, [4] [5] [6] [7] and new instrumentation techniques have been recently commercialized to improve simplicity and safety of the treatment. [8] [9] [10] DentsplyMaillefer (Baillagues, Switzerland) has developed a nickel-titanium instrument of greater taper -WaveOne, which is designed to be used with reciprocating motion and allow root canals to be prepared with one single instrument: In the majority of cases, a in the study. Patients who had previously taken antibiotics or analgesics and those with preoperative pain were excluded. Radiographically, patients without periapical changes were selected. A diagnosis of pulp necrosis was made for each case based on the patient's symptoms and electric pulp test. A single clinician evaluated all patients using radiographic and clinical findings. The same clinician was assigned for treatment of all cases to eliminate or minimize interpersonal variability.
The patients were divided into three groups, each group consisting of 30 patients. After isolation and access, the canals of all teeth were prepared using three different instrumentation techniques. Irrigation was done using 5 ml, 5% sodium hypochlorite and 5 ml saline was done alternatingly after instrumentation with each file system. An irrigating needle of 30 gauge was used passively without forceful dispensing of the irrigant 1.5 mm short of its binding point. Intermittent agitation using a 15 number k file was done to prevent apical debris accumulation and coronoapical movements of the needle were done to agitate the irrigant manually. After completion of biomechanical preparation, canals were flushed with 5 ml saline. Final irrigant used was 5 ml of 17% ethylenediaminetetraacetic acid. The teeth in Group I (n = 30) were instrumented using PTN instruments, till master apical file number 25, 0.06%. Those in Group II (n = 30) were instrumented with a single-file technique, using WaveOne number 25, 8%. In Group III, canals were instrumented with Twisted Files, till master apical file number 25, 0.06%. Manufacturers' instructions were strictly followed during instrumentation of all the three file systems. After this, the canals were obturated with 25, 0.06% guttapercha cones and zinc oxide eugenol sealer using lateral condensation. All canals were shaped, cleaned, and obturated in a single visit. After 3 days, the assessment of postoperative pain was carried out by one independent evaluator without knowledge of visit group under examination. The severity of pain was evaluated using a visual analogue scale (VAS) score, validated previously. [18] • No pain: The treated tooth felt normal. Patients do not have any pain • Mild pain: Recognizable, but not discomforting, pain which required no analgesics • Moderate pain: Discomforting, but bearable pain (analgesics if used, were effective in relieving the pain) 0.08 taper, size 25 instrument is selected. [9, 10] However, there are studies indicating greater postoperative pain on using this reciprocating system. [9] The fifth generation of shaping files has recently been introduced which consists of the ProTaper Next (PTN) system. [11] These files are used in continuous rotation.
It is designed such that the center of mass of the file is offset from its center of rotation. Files that have an offset design produce a mechanical wave of motion that travels along the active length of the file. Like the progressive percentage tapered design of any given ProTaper file, this offset design serves to further minimize the engagement between the file and dentin. [11] In addition, an offset design enhances augering debris out of a canal and improves flexibility along the active portion of a PTN file (DENTSPLY Tulsa Dental Specialties).
SybronEndo has introduced the Twisted File system. This system utilizes continuous rotary motion and is available in a crown down sequence. The manufacturers have utilized the novel "R phase" heat treatment technology which has improved the mechanical properties of this file. [12] This file system has a good cleaning efficiency which is comparable to that of the ProTaper rotary file system. [13] It is well known that a small, inadvertent extrusion of debris and irrigants into periapical tissues occurs during the cleaning and shaping procedures, both with manual stainless steel and nickel-titanium rotary instrumentation techniques. [14, 15] However, studies have shown that reciprocating instrumentation techniques increase the amount of debris extruded beyond the apex, thus increasing the risk of postoperative pain. [16] A previous clinical study comparing reciprocating and NiTi rotary instruments has also confirmed these findings. [17] Based on these studies, goal of the present study was to evaluate and compare the incidence of postoperative pain using three different nickel-titanium instrumentation techniques: Two rotary techniques -the PTN and Twisted File system and a reciprocating single-file technique -the WaveOne system.
The null hypothesis was set as follows: There will be no difference in incidence of postoperative pain between PTN, Twisted File system, and WaveOne system.
MATERIALS AND METHODS
Ninety patients requiring endodontic treatment on permanent molar teeth with nonvital pulps were included Shivanna and Nilegaonkar: Incidence of postoperative pain in single-visit endodontics • Severe pain: Difficult to bear (analgesics had little or no effect in relieving the pain).
VAS pain scores were compared using one-way ANOVA and post-hoc Tukey test. A value of P < 0.05 was required for statistical significance.
RESULTS
Results are shown in Table 1 . For VAS pain scores, a highly statistically significant difference was found between PTN and WaveOne technique (P = 0.000).
Statistically significant difference was also found between the WaveOne and Twisted File techniques (P = 0.002).
When comparing patients who developed no pain, PTN instrumentation technique showed significantly better results. When evaluating patients experiencing severe pain, the incidence of symptoms was significantly higher with the WaveOne single-file technique. Overall, severe pain occurred in 17.7% and no pain occurred in 22.2% patients.
DISCUSSION
Root canal preparation procedures often result in iatrogenic errors. [19, 20] Dentin chips, pulp tissue remnants, necrotic tissue, microorganisms, and endodontic irrigants may be extruded from the apical foramen during the canal instrumentation which may be related to the inflammation of periapical tissue, postoperative pain, and/or to a flare-up. [14, 15] Postoperative pain can be avoided using proper instrumentation and irrigation techniques.
Single-visit endodontics provide several advantages over multiple visit treatment such as familiarity with internal root canal anatomy, no risk of bacterial leakage between appointments, patient and operator convenience, and lower treatment cost. [3] There have been concerns in performing single-visit endodontics in pulp necrosis cases. However, multiple studies have shown that there is no statistically significant difference in postoperative healing and post treatment flare-ups between vital pulps and necrotic pulps. [21, 22] In fact, certain studies concluded that in asymptomatic necrotic pulps, significantly more flare-ups were present in two-visit cases than single-visit cases. [23] [24] [25] Thus, asymptomatic pulp necrosis cases were chosen for this study.
A diagnosis of pulp necrosis was made for each case based not only on the patient's symptoms but it was also confirmed using electric pulp test. In case of partial vitality of any of the root canals, chances of the patient being completely asymptomatic would be less. Electric pulp test method has been used in similar previously done studies. [18] In the current study, an electric pulp tester was used as it is easy to use and gives a reproducible value.
In a previous study, [17] the reciprocating single-file technique was found to produce a more significant inflammatory response and pain when compared to a rotary nickel-titanium crown down instrumentation technique using Twisted Files. The reciprocation movement is formed by a larger cutting angle and a smaller releasing angle. The file travels apically during releasing angle. Thus, instead of removing debris in the releasing angle, it gets pushed apically. As a result, the WaveOne file acts as a piston to propel debris beyond the apical foramen.
Apart from this, the WaveOne technique is a single-file system of higher taper (usually 0.08 taper, size 25). These instruments are used without any preliminary coronal enlargement. As a result, the entire length of the file contacts the canal wall, increasing the amount of debris formed.
Moreover, cutting ability of a reciprocating file is smaller when compared to continuous rotation, and also debris removal is smaller, thus increasing the frictional stress and torque demand, due to entrapment of debris within the flutes. [26] The Twisted Files were found to produce intermediate levels of postoperative pain. These files have a triangular cross section and utilize a continuous rotary motion.
Twisted File system has been manufactured using the R-phase heat treatment. This makes the files highly flexible with lesser chances of apical transportation. The Twisted File system is used in a crown down sequence. Because of this, with each file used, the debris load was reduced. This led to a decreased amount of debris available to get pushed apically, with most of it being augered out through the orifices. [18] PTN files produced the least postoperative pain. These files are the convergence of three significant design features, including progressive percentage tapers on a single file, M-wire technology, and the fifth generation of continuous improvement -the offset design. [11] These files are also used in a crown down sequence, which causes lesser amount of debris to get pushed apically. Apart from this, these files have an offset design that generates a traveling mechanical wave of motion along the active portion of a file. This swaggering effect serves to minimize the engagement between the file and dentin compared to the action of a fixed tapered file with a centered mass of rotation. Reduced engagement limits undesirable taper lock, the screw effect, and the torque on any given file.
A file with an offset design affords more cross-sectional space for enhanced cutting, loading, and augering debris out of a canal compared to a file with a centered mass and axis of rotation. Many instruments break as a result of excessive intrablade debris packed between the cutting flutes over the active portion of a file. Importantly, an offset file design decreases the probability for laterally compacting debris and blocking root canal system anatomy. [11] Hence, we may conclude that the new PTN system is a unique technique that is able to minimize the risk of pushing debris apically and consequently reduce postoperative pain, a risk which is always present in a reciprocating motion (to a lesser or higher extent), due to the fact that in one sense of rotation, the flutes cut the dentin, whereas in the opposite sense the debris are pushed apically.
